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Fe doped Zn-Mg-Fe-O thin films were prepared by rf-magnetron sputtering with a substrate temperature 
at 500 °C on Si(100) and were annealed at 550 °C for 1 hour in Ar atmosphere. The thickness of Zn-Mg-
Fe-O films were found to be about 450 ~ 3500 Å by cross section images of scanning electron microscopy. 
The structure, electric and magnetic properties of the Zn-Mg-Fe-O films have been studied with X-ray 
diffraction, X-ray photoemission spectroscopy, vibrating sample magnetometer, atomic force microscope, 
and temperature dependence of resistance measurement. The Zn-Mg-Fe-O films indicate a ferromagnetic 
phase at room temperature. In the Zn-Mg-Fe-O film with 3500 Å, the magnetization value is 0.023 e-
mu/cm3 under the 5 kOe applied field. 
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1 Introduction The ZnO-based DMS is a possible candidate to realize a ferromagnetic semicon-
ductor with both a high TC above 300 K and a large magnetization [1–3] and lately a few experimental 
results were reported [4, 5]. It is known that doping of the transition metal elements in ZnO leads to new 
interesting properties, such as magneto-optical and magneto-electrical effects. The electronic band struc-
ture concept is of great importance for understanding of physical and chemical properties of a magnetic 
semiconductor. For wide band gap semiconductors, addition of impurities often induced dramatic chan-
ges in their electrical and magnetic properties, [6, 7] which is important for their applications. Wide 
range solubility of Mg in the zinc blend structure was expected because the tetrahedral ionic radius of 
Mg2+ (0.57 Å) is similar to that of Zn2+ (0.60 Å) [8].  
In this paper, we studied the microstructures, surface states and magnetic and MR properties of Fe doped 

novel II–VI oxide semiconductor Zn-Mg-Fe-O thin films, which have been prepared through the rf mag-

netron sputtering process. We focus on the correlation between the thickness and the magnetoresistance 

or the ferromagnetic property of Zn-Mg-Fe-O thin films. 

 

2 Experimental A polycrystalline sputtering target with the nominal composition 

Zn0.85Mg0.1Fe0.05O of 2-inch diameter was prepared via a solid reaction technique using ZnO, MgO and 

Fe2O3 powder. Thin films were prepared on a single crystal Si (100) substrate using RF magnetron sput-

tering at 500 °C. The sputtering buffer gas was Ar with 10 sccm. During the deposition process, the total 

pressure was maintained at 10 mTorr and RF power was kept at 4.93 W/cm2. After deposition, all thin 

films were annealed at 550 °C for 1 hour in Ar atmosphere. Crystalline structures and composition of the 

Zn-Mg-Fe-O films were characterized by X-ray diffraction (XRD), Energy dispersive X-ray spectros-

copy (EDXS), and X-ray photoemission spectroscopy (XPS). The X-ray diffraction patterns of the Zn-

Mg-Fe-O films grown on Si (100) were obtained in the 2θ(θ fixed) geometry with CuKα radiation. The 
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